Objectives: To evaluate epidemiological, clinical and laboratorial aspects of patients with Down syndrome, who present recurrent and/or severe infections, as well as to evaluate the presence of immunodeficiency in this population.
Introduction
The incidence of Down Syndrome (DS) is directly proportional to maternal age and affects 1:700 live births. 1, 2 Clinical diagnosis can be performed during the neonatal period, using the Hall criteria and confirmed by chromosome testing. 3 Morbidity due to infectious diseases is high, with respiratory infections being the most frequent. 4 Other pathologies are also associated, primarily cardiopathies. 5 During the last decade studies have classified DS as a progeroid, with a process of premature ageing that is responsible for immunological alterations, autoimmune diseases and neoplasms within relatively young age groups compared with the general population. 6, 7 A number of different authors have demonstrated alterations throughout all areas of immunoresponse, irrespective of the clinical expression of these alterations. [6] [7] [8] [9] [10] [11] Studies of the relationship between infectious processes and immunodeficiency in DS patients are rare in published literature. The objective of this study is to assess the epidemiological, clinical and laboratory characteristics of DS patients who present recurrent and/or severe infections, whilst evaluating the presence of immunodeficiency in this population.
Methods
All of the 49 patients with DS referred for immunological assessment to the Allergy and Immunology Unit of the Pediatrics Department of FMUSP -SP with recurrent and/ or severe infectious complaints during the period between January 1990 and July 1999. Four children were excluded from the study as a result of not having chromosome test results (one of the children died from sepsis before the test was performed and three moved to other states before the conclusion of tests). Thus 45 children with DS were included in the study. A transverse cut was made in February of 1996, with records completed with the inclusion of laboratory data. From this date forwards, patients were prospectively included in the study. Files were kept on all of the children containing clinical and epidemiological data such as: gestational history, family history, sex, age, characteristics of the infectious processes, associated diseases and detailed physical examination
The criteria adopted for repeated infections were: -Pneumonia -three or more episodes in one year. 12 -Otitis -three or more episodes of in six months, or four or more episodes in one year. 13 -Tonsillitis -five infections in a one-year period. 14 -Common rhinopharyngitis -12 or more episodes per year. 13 -Sinusitis -four or more episodes in six months, responding to medical treatment. 13 Patients referred with infections who did not meet these criteria were designated carriers of recurrent infections.
In order to classify the children with respect to weight and stature we used the curves developed by Cronk et al., 15 specifically for the evaluation of the weight and stature of children with DS.
For the evaluation of non-specific immunity, a leukogram was employed, with neutrophil counts of less than 1,500 cells/mm 3 being considered neutropenia and lymphocyte counts of less than 1,500 cells/mm 3 considered lymphopenia; 18 nitroblue tetrazolium reduction test (NBT), adapted from the original by Park 16 and neutrophil chemotaxis employing cellulose ester membranes (SMWP or SCWP 1300 -Milipore Filter Corp Bedford Mass, USA), 17 in both cases leukocytes are stimulated by PMA (phorbol mirystate acetate -Sigma Chemical Company, St. Louis, MO, USA). The presence of Formazan granules in more than 70% of neutrophils was adopted as the criterion for normality. For chemotaxis, results were expressed in microns, and a minimum value of 60 microns was adopted as the criterion for normality. 18 Complement fragments and total hemolytic complement assay was performed using CH50 doses in lambs' erythrocytes and C3 and C4 by nephelometry (human C3 and C4 antibodies -Behring Diagnostics Inc., MA, USA).
With respect to the assessment of humoral immunity, quantitative immunoglobulins IgA, IgM e IgG were quantified through nephelometry (rabbit antibodiesBehringwerck, AG Marbug, Germany), IgE by chemoilluminescence and the IgG subclasses (IgG1, IgG2, IgG3, IgG4) with simple radial immunodiffusion (monoclonal antibodies Cal Bichem -Germany). Active production of IgM antibodies was assessed using isohemaglutinin assay, IgG class antibody assay, the polio virus I, II & III antibody assay and the anti-rubella antibody assay, by means of the neutralization technique,. Curves developed by Naspitz et al. 19 were adopted as normality criteria for serum immunoglobulins and for the IgG subclass, Oxelius' curves were used. 20 Cellular immunity was determined using: a) lymphocyte subpopulations by flow cytometry (monoclonal antibodies Coulter Immunology, Florida, USA), and normality values described by ComansBitter; 21 b) cutaneous tests for retarded hypersensitivity in children more than two years old, using: PPD (purified protein derivative of Mycobacterium bovis -Health Department -Brazil), varidase (streptokinase/ streptodornase -Upjohn), thrichophytin and candidine (Instituto Ataulpho de Paiva -RJ). The presence of at least one antigen and of hardening of more than five millimeters were adopted as normality criteria; c) lymphocyte blastogenic response, using phytohemaglutinin A (PHA -Difco, Detroit, Michigan, USA); Pokeweed (PWM -Sigma Chemical Company, St Louis, USA); monoclonal antibody OKT3 (Ortho Diagnostics, Raritan, NJ, USA) and the Candida antigen (CMA), at optimum concentrations. An increase of 10 to 20 times the base value for thymidine tritrate absorption (Amersham International, UK) was considered normal, except for Candida, in which case we accepted a fivefold increase; 18 d) NK cell lytic activity, performed according to the micromethod described by Guillow. 22 Normality criteria were based on curves obtained from the analysis of a normal population, standardized at our own laboratory.
In addition to the immunological assessment all of the children were subjected to serology by cytomegalovirus (CMV), by the ELISA method and also serology for hepatitis B.
The objectives and methods were explained to all parents and guardians as was the necessity for laboratory tests. Patients were only included after agreement was obtained to the terms of free and conscious consent in accordance with the standards of the Committee for Ethical Research of this institution. All procedures described were approved by the Committee for Ethical Research.
The Chi-square test and Fisher's exact test, with a significance level of p < 0.05 were used for the analysis of associations between variables.
Results
Of the 45 children included in the study, 17 were female (37.8%) and 28 male (62.2%), with an average age at inclusion of two years and 7 months, varying between 1 year and 12 years and 10 months, with a median of 1 year and 8 months.
The average maternal age at gestation was 31(18-44 years), median of 32 years, minimum age of 18 years and maximum age of 44 years, nine mothers (21.4%) had a history of previous miscarriage and another 14% had DS cases in the family.
With reference to the chromosome studies, simple trisomy was found most frequently (91.1%), there were three cases of mosaicism (6.7%) and one case of 21q; 21q, type translocation in which the chromosome test results of the parents were normal.
As regards the reason for referral, 40 children (88.9%) were referred because of repeated infections, some of these infections having been initially diagnosed by the team keeping the patient under observation (General Clinic, INCOR, Genetics Clinic), and others at the Allergy and Immunology Unit. Pneumonia cases were considered when first described by the referring team and there was a systematic review of x-ray results when these were still in the possession of parents or guardians. After clinical assessment and the application of the criteria for repeated infections adopted, 68.9% (n = 31) of the patients were considered carriers of repeated infections, the types of infection are shown in Table 1 .
Five patients (11.1%) were referred because of sepsis in the first six months of life, and an additional two patients presented signs of previous sepsis. Figure 1 shows the assessment of weight and stature; the distribution of the DS patients according to weight and stature with respect to the Cronk et al. curves. 10 Associated diagnoses for the 45 patients studied are shown in Figure 2 . 
Spinal column alterations
Twenty-eight of the patients assessed were found to be cardiopaths (62.2%); the different types of cardiopathies are shown in Table 2 .
Correlating the presence of pneumonia in the groups with and without cardiopathies with their age groups, we observe that the incidence of pneumonia was greater in the children in lower age groups, for both groups as shown in Figure 3 .
When the group with repeated pneumonia was compared with the group without there was a statistically significant predominance of cardiopathies ( Table 3) .
The immunological alterations found in the patients in this study are summed up in Table 4 . In respect of the assessment of phagocytes, transitory neutropenia was observed in two of the 45 patients, normalizing within six months of the first sample. None of these patients had histories of drug use or infections. Of the patients assessed, 29 were subjected to the NBT reduction test and NCT assay and three only to the NBT reduction test, with none of the tests demonstrating alterations.
For 25 of the 45 children (55.5%) CH50, C3 and C4 doses, were performed, all results being within the limits for normality.
With reference to humoral immunity, out of 43 DS patients with serum immunoglobulin assay, four (9.3%) presented hypergammaglobulinemia at the resulting in increased IgG, and all other values for immunoglobulin were normal. The patients with hypergammaglobulinemia had ages of one year, one year and four months, six years and two months and seven years. Later, reassessing these four children and verifying this data, the assessment of antithyroglobulin and anti-peroxidase antibodies was indicated, and in those patients less than two years old, high levels of these antibodies were observed. The assessment of thyroid hormones of these two children showed levels of TSH above 10ng/dL, with normal doses of T3 and T4. Clinically, there were no signs of hypothyroidism.
Two of the 21 children assessed for IgG subclasses presented IgG2 deficiencies. Subclass doses were performed on more than one occasion for confirmation, the last being performed at four years of age and at five years and one month. Clinically, one of the children presented repeated rhinopharyngitis and episodes of pneumonia which did not fulfill the criteria for repeated pneumonia adopted, and another child recurrent, multi-site infections.
For the evaluation of active antibody production, 31 patients had isohemaglutinin assays performed, two of whom presented levels of 1:4 of the IgM anti-Body, both of whom were one-year-olds with group A blood.
With relation to hepatitis B, the pre-vaccination serology of 21 patients was negative and for 76.1% of them it was possible to determine a positive vaccine response. 16 Children who had not responded were referred for re-vaccination. With respect to the response to other vaccinated virus, only one out of a total of 33 children assessed presented alterations with negative rubella serology after a complete vaccine program. Clinically, this child presented repetitive tonsillitisand no other relevant findings. This patient's serum immunoglobulin, IgG subclasses, polio virus antibodies and lymphocyte subpopulation levels were all found to be within normal limits.
CMV serology was performed for 36 patients, 61.1% of whom presented positive for IgG antibodies and none of whom were positive for IgM.
For cellular immunity assessment, lymphocytes CD4+ and CD8+ were counted for 32 patients. For the CD4+ lymphocyte count, two patients (6.3%) presented values below the fifth percentile for their age. Both patients had Lytic activity of NK cell < 5th percentile 5/22 With respect of stimulus with the PHA mitogen, in addition to the case described above, two further patients did not respond to this mitogen, although with normal responses for the other three mitogens (PW, OKT3 and Candida). One patient had no lymphocyte culture response for PW and OKT3, but showed no other clinical alterations during the clinical observation. With respect to the proliferative response for Candida, six patients had altered responses, although five of them presented normal responses to three other mitogens and were without clinical manifestations compatible with cellular immunodeficiency.
Twenty-two patients were submitted for NK cellular activity assessment. Five of them (22.7%) presented results below normality standards. All of these patients presented repetitive Otitis. On immunological assessment they all had positive cytomegalovirus IgG levels.
Discussion
The relationship between DS and infections is approached very little in current literature, generic causes of morbidity are described, with respiratory infections, which constituted the chief cause of death at the beginning of the century, today occupying a secondary position as a cause of mortality 4 .
This sample is made up from a special population of pediatric DS patients who were referred to a highly-complex tertiary care hospital, and are not representative of the general population of DS patients, but of a population with elevated morbidity, whether due to the high number of infectious processes or to the cardiopathies found in many of these patients.
A deficit in weight and stature gain is common with DS. In this study it was observed that more than 80% of the patients were classified as being above the tenth percentile, despite the elevated prevalence of cardiopathies and their being carriers of repetitive and/or severe infections. This could result from a number of different factors, including their attendance at a specialized center with sufficient control over the morbid processes, and the worldwide tendency towards increased average weight and stature values among DS patients.
One of the factors indicating ID research is the incidence of repetitive infections, according to previously established criteria. 23 The application of the adopted criteria to those patients whose clinical history referred to this detail reduced the group considered carriers of repetitive infections from 88.9% to 68.9%. In this study ID research was performed for all patients with or without the presence of characteristic clinical data, since the association between this syndrome and ID is widely accepted. In this study the presence of recurrent infections and/or sepsis makes this a population with a high probability of ID. This active research made possible such a diagnosis in two patients with recurrent processes, without necessarily fulfilling those criteria habitually related to ID. This fact adds force to the idea that for DS patients ID assessment should be performed for all patients with recurrent infections irrespective of established criteria.
Clinical observations of pneumonia occurrence during the first years of life and of a drastic reduction in this prevalence after two or three years of age could be indicative of the period of cardiopathy control, whether by clinical or treatment or with surgery, and also of the start of specialized monitoring in a tertiary hospital with prompt attention paid to intercurrent infections. These facts reaffirm the importance of the general care these patients receive, irrespective of the occurrence of immunoresponse alterations.
In this sample, there was an elevated prevalence of cardiopathies, justifiable by the original referral of specialized tertiary care centers and by the greater prevalence of infectious processes of the respiratory tract in cardiopathic patients.
The immunology assessment of these patients revealed data which deserves to be highlighted. The absence of alterations in the phagocytes functional assessment could be explained by the low average age at inclusion in the study as data found in literature shows that phagocytic alterations are directly proportional with age, being part of the premature ageing process which occurs with DS. 24 Another factor which could have had an influence on this result was the use of PMA (Phorbol Myristate Acetate) as a phagocyte stimulator, which has a higher capacity than LPS (lipopolysaccharides from Escherichia coli), used in the majority of related studies to be found in literature. 16, 17, 25, 26 Furthermore, the populations evaluated in research which found phagocytes alterations were made up of DS patients with associated periodontitis, a common finding amongst patients with phagocytic immunodeficiencies and DS. 25, 26 Amongst the patients of this sample there was no history or clinical findings which were compatible with periodontitis.
With relation to hypergammaglobulinemia, studies demonstrate serum levels of normal immunoglobulin up to the sixth year of life, with later increases in the levels of IgG and IgA. 7, 9 Two of the four patients with hypergammaglobulinemia were less than six years old, presenting alterations to the thyroid function in laboratory tests. The prevalence of hypothyroidism with DS found in literature varies between 28 and 64%, with onset of symptoms and positive antibody results being much more frequent after ten years of age, when 48% of patients are affected, according to Zori, 27 while only 20% of younger patients are affected, which reaffirms the necessity for observation of the evolution of these patients to enable the early detection of the clinical manifestations of autoimmune diseases.
In respect of subclass IgG2 deficiencies, our findings were similar to those of Avanzini et al., 9 although they can not be compared due to the peculiar characteristics of this population and to the low ages of the patients in this sample, since the alterations of subclasses are described from nine years of age onwards. 9 We would highlight the frequent positivity of CMV serology in this sample. Amongst our patients this is more likely to be a result of partial or complete internment than to exposure to blood derivatives, since few patients underwent surgery.
On the subject of cellular assay, some authors describe thymic alterations at birth which result in a decrease in peripheral lymphocyte populations, particularly those of lymphocytes CD4+ and CD8+. 28, 29 Cossarizza et al. describe reductions in absolute CD4+ lymphocyte numbers increasing with age, with this being the first lymphocyte subpopulation to diminish, in children between 9 and 12 years old. 6 In the present study we observed only two cases of reduced CD4+ lymphocyte counts, with normal functional assessment results. Although these children had previous histories of sepsis it was not possible to establish a relationship between this and the reductions of CD4+ lymphocytes.
Functional alterations to lymphocytes were also relevant, taking into account the early age at which they were manifest. The interpretation of cutaneous tests for retarded hypersensitivity results should be complemented by the results of a culture of lymphocytes with mitogens. As such we reiterate that the importance of these tests is as a triage technique for use in the assessment of cellular immunity, and that their results should be confirmed with a culture of lymphocytes with mitogens. There is consensus across the literature that the blastogenic response to PHA is the first alteration in the premature ageing process of DS patients, generally occurring at around ten years of age. 6, 8 The ages of the patients in this sample with alterations to lymphocyte blastogenic response are lower than those described in literature which could reflect the increased morbidity of this population, with early immunological alterations. The observation of these patients is the key to the verification of the progressive decline of this response, just as it is for other mitogens; it is necessary to remain vigilant for infections and other pathologies associated with this alteration.
With respect of NK cells, in DS we observe an increase in the number of these cells, although with a different phenotype to that of the general population, with HNK1+CD3+ cells predominating, which constitutes an NK cell population which is functionally immature. 10 This factor results in the greater predisposition to viral infections, to difficulties overcoming the virus and equally to neoplasms due to the reduction of the cells' tumor vigilance function.
In addition to the factors described and studied here, literature cites adenoidal hyperplasia, un-coordination of deglutition gastro-esophageal reflux among other causes of recurrent respiratory infections. 13, 14 The existence of these alterations had already been assessed by the units which had referred the patients and been treated where necessary, without reduction in the recurrence of the infections due to this treatment.
The data described here enabled us to observe that infections are frequent clinical manifestations in DS patients and are the result of many associated factors. In this sample with elevated morbidity, there was a strict relationship between cardiopathies and the presence of repetitive infections, and it is probable that the general instruction on environmental hygiene, anti-infection technique and nutrition given to the parents of these patients were key factors in the control of the reoccurrence of the infectious processes. Although complete immunology was not performed for all patients, this study enabled the detection of patients suffering from immunodeficiency within the population assessed, which reaffirms the importance of systematic research into immunodeficiencies in DS patients when the control of morbid associations does not result in a reduction in infectious processes.
